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MODULAR POWER SEMICONDUCTOR MODULE 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The invention describes a modular power semiconductor module. In 
principle, such power semiconductor modules comprise a housing with a base plate and 
at least one electrically insulated substrate disposed in it. The electrically insulated 
substrate in turn comprises an insulation body with a plurality of metal connection tracks 
located on it and insulated from one another and power semiconductor components 
located on the connection tracks and connected with appropriate wiring to these 
connection tracks. Advantageously, the substrate, on its underside, has a flat metal 
layer comparable to the connection tracks. 

2. Description of the Related Art 

[0002] In principle, power semiconductor modules of this kind, as published for 
instance in German Patent Disclosure DE 39 37 045 A1, have long been known. 
Various modern versions of such power semiconductor modules with high power for 
their size, which are the point of departure for this invention, are known for instance 
from German Patent Disclosure DE 100 1 1 633 A1 . 

[0003] DE 39 37 045 A1 for instance discloses a power semiconductor module, 
of the type defined above, which has a half-bridge circuit inside a housing. A circuit 
arrangement of this kind comprises two series-connected power switches, which are 
often embodied as a series circuit of power transistors, preferably insulated gate bipolar 
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transistors (IGBTs). Free-wheeling diodes are connected antiparallel to the various 
power switches. The power semiconductor module furthermore has terminal elements 
for the direct- and alternating-current load terminals. Such power semiconductor 
modules also have auxiliary terminal elements for triggering the power transistors and 
for further functions. 

[0004] Typical power semiconductor modules have a plurality of screw 
connections for mounting on flat bodies, which as a rule are external heat sinks. The 
holes for such screw connections are preferably disposed in the corner regions of the 
power semiconductor modules. 

[0005] From DE 100 11 633 A1, a further power semiconductor module is for 

instance known which has three half-bridge circuits, that is, a three-phase full-bridge 
circuit, inside one housing. The half-bridge circuit arrangements are disposed in three 
regions of the housing. The various circuit arrangements here again correspond to 
those of the prior art described above. 

[0006] A disadvantage of constructing power semiconductor modules with one 
half-bridge circuit per housing, as in DE 39 37 045 A1, is that when three-phase full- 
bridge circuits are constructed from these individual modules, each module must be 
secured separately to the heat sink. Thus, replacing a power semiconductor module 
having a three-phase full-bridge circuit, as in DE 100 11 633 A1, with the 
aforementioned individual modules cannot be done by a simple exchange, since the 
fastening connections are not identical. 
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[0007] On the other hand, a three-phase full-bridge circuit inside a housing 
proves to be disadvantageous, because flaws in one half-bridge circuit found during 
production are a defect of the entire module. It is also disadvantageous that for other 
circuit arrangements, such as an H bridge, other housings, in this case with two half- 
bridge circuits for instance, are required, making economical production using only a 
small number of component groups impossible. 
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SUMMARY OF THE INVENTION 

[0008] The object of the present invention is to present a power semiconductor 
module which has a modular construction comprising a plurality of identical partial 
modules. 

[0009] The invention is a power semiconductor module having a base plate for 
mounting on a flat body, preferably a heat sink, as in the prior art defined above, 
comprising a framelike housing with at least one electrically insulated substrate 
disposed in it. This substrate in turn comprises an insulation body with a plurality of 
metal connection tracks, located on its first main face and insulated from one another, 
and preferably also a flat metal layer disposed on its second main face. A plurality of 
power semiconductor components are disposed on the connection tracks of the first 
main face and are connected with appropriate wiring to these connection tracks. 
[0010] The power semiconductor module of the invention comprises a plurality of 
partial modules of the type defined above. Each partial module has load and auxiliary 
terminal elements, and the load terminals are preferably each embodied as one 
positive, one negative, and at least one alternating-current terminal. The auxiliary 
terminals serve to trigger the power semiconductor components and also serve for 
example as control terminals, or are used for making electrical contact with sensor 
system components disposed in the power semiconductor module. 
[0011] The partial modules are connected to make a power semiconductor 
module by means of fixing elements. Suitable examples of a fixing element are a cap 
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that fits over all the partial modules and/or connections in the region of the framelike 
housing and/or in the region of the base plates. 

[0012] Advantages of this embodiment of a power semiconductor module include 
that 

[0013] • because it is divided up into partial modules, these partial modules can 
be exchanged individually if they are defective; 

[0014] • because the partial modules are identical, various power semiconductor 
modules can be produced with less expense for parts; and 

[0015] • despite its being made up of individual partial modules, the power 
semiconductor module is compatible with the prior art, such as a three-phase full-bridge 
circuit. 

[0016] The invention will be described in further detail in terms of exemplary 
embodiments in conjunction with Figs. 1-7. 

[0017] Other objects and features of the present invention will become apparent 
from the following detailed description considered in conjunction with the accompanying 
drawings. It is to be understood, however, that the drawings are designed solely for 
purposes of illustration and not as a definition of the limits of the invention, for which 
reference should be made to the appended claims. It should be further understood that 
the drawings are not necessarily drawn to scale and that, unless otherwise indicated, 
they are merely intended to conceptually illustrate the structures and procedures 
described herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] In the drawings: 

Fig. 1 shows a partial module of a power semiconductor module of the 
invention in plan view; 

Fig. 2 shows the arrangement of three partial modules to make one power 
semiconductor module of the invention; 

Fig. 3a is a fragmentary view of a power semiconductor module of the 
invention in plan view; 

Fig. 3b is a fragmentary view of a power semiconductor module of the 
invention in a side view; 

Fig. 4 shows a further embodiment of a power semiconductor module of 
the invention with a snap-detent connection of the cap; 

Fig. 5, in a detail, shows a further embodiment of a power semiconductor 
module of the invention, with snap-detent connection of the partial modules; 

Fig. 6 shows a power semiconductor module of the invention with a 
connection of the partial modules as in Fig. 5; and 

Fig. 7 shows a power semiconductor module of the invention with a cap 
that overlaps three partial modules. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0019] Fig. 1 is a plan view of a partial module of a power semiconductor module 
in accordance with the invention. A partial module 10 is shown, comprising a base plate 
20, for mounting on a heat sink. For that purpose, this base plate 20 has one open 
oblong-slotlike recess 22 in the region of each of its comers. These recesses are 
disposed in the peripheral region in such a way that their openings are disposed on 
those sides of the base plate that are associated with a further partial module 10 of the 
power semiconductor module (see Fig. 2). 

[0020] The partial module 10 also comprises a framelike housing 30 and two 
electrically insulated substrates 50. Each substrate in turn comprises a respective 
insulation body 52 with a plurality of metal connection tracks 54, insulated from one 
another and located on the first main face of the insulation body, oriented away from the 
base plate. On its second main face, toward the heat sink, the substrate has a flat 
metallization that is similar to the connection tracks on the first main face. Power 
semiconductor components 56 are disposed on the connection tracks 54 and connected 
to them with appropriate wiring by means of wire bond connections 58. For making 
electrical contact, the partial module 10 has terminal elements 40 for the load terminals 
42 and auxiliary terminals 44. The connection tracks 54 of the substrates 50 are 
connected to one another and to the terminal elements 40 by means of wire bond 
connections 62, 64, 46, 48. Alternatively, it is understood that soldered connections are 
also possible. 
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[0021] Fig. 2 in plan view shows the disposition of three partial modules 10 of Fig. 
1 to make one power semiconductor module 1 of the invention. The partial modules 10 
are disposed with their long sides toward one another. The result, from the open 
oblong-slotlike recesses 22 (Fig. 1) where the partial modules 10 contact one another, 
is oblong slots 24, half of each of which is formed by these respective recesses 22. 
These oblong slots 24, like the recesses 22 that remain on the short sides of the power 
semiconductor module, serve to fasten the power semiconductor module 1 to a heat 
sink. 

[0022] A fragmentary view of a power semiconductor module of the invention is 
shown in plan view in Fig. 3a and in side view in Fig. 3b. Here, the housing 30 and one 
of the oblong slots 24 already described in Fig. 2 are shown, forming two partial 
modules 10 at an abutting edge 26. A round hole 72 in a cap 70 is also shown. Cap 70 
covers both partial modules 10 and by means of a screw 80 fixes the two partial 
modules on a heat sink. For that purpose, cap 70 has a stop face, which rests on the 
parts 28 of the base plate 20 where the housing 30 is recessed. 

[0023] Fig. 4 shows a further embodiment of a power semiconductor module of 
the invention with a snap-detent connection of the cap. Each housing 30, disposed on a 
base plate 20 of each respective partial module 10, has a plurality of detent lugs 32. 
With the associated abutments of the cap 70, these detent lugs form a snap-detent 
connection. Thus, by mounting cap 70 to a modular power semiconductor module with 
partial modules fixed relative to one another is created from the individual partial 
modules 10. 
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[0024] Alternatively, it is understood that cap 70 can have the detent lugs while 
the housing 30 has the associated abutments. 

[0025] Fig. 5, in a detail, shows a further embodiment of a power semiconductor 
module of the invention, with snap-detent connection of the partial modules 10. 
Different variants, which can also be combined with one another, of the fixing 
connection of the partial modules are possible. The base plate, the housings, and/or 
the caps may have such fixing connections. As an example, a fixing snap-detent 
connection of the housings 30 is shown here. Each housing, on a side toward a further 
partial module, has at least one, and preferably two, detent lugs 34. The detent lug 34 
of one partial housing 10 together with the abutment of the further partial housing 10 
forms a fixing connection. Thus, the entire power semiconductor module is created 
from a plurality of individual partial modules. In this embodiment, the base plates 20 of 
the partial modules have half-holes 22 that face one another. Upon mounting, these 
form a round hole 24 for fastening the power semiconductor module to a heat sink. 
[0026] An alternative way of connecting individual adjacent partial modules 10 is 
a preferably metal rail, disposed on the respective long sides of the power 
semiconductor module, which covers faces 28 (Fig. 3) where the housing is recessed 
and has stop faces for the purpose. This element that fixes the partial modules to make 
a power semiconductor module has round holes for screw connections with the heat 
sink. These round holes are disposed in alignment with preferably all the recesses 22 
as well as the round or oblong slots 24 formed from them on the respective side. 
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[0027] Fig. 6 in plan view shows a power semiconductor module of the invention 
with a fixing connection of the two partial modules as in Fig. 5. The two round holes 24 
and the half-holes 22 serve the purpose of fastening on a heat sink (see Fig. 7). This 
power module has one cap (not shown) for each partial module, because here the fixing 
connection is already provided by the snap-detent connection of the housings 30. 
[0028] Fig. 7 shows a power semiconductor module 1 of the invention with a cap 
70 that overlaps the three partial modules 10. Cap 70, on its respective corners, has 
extensions 74 that protrude past the base plate and are extended as far as the heat 
sink, in order to assure a secure screw connection through round holes 72a of cap 70 
and half-holes 22 (see Fig. 6) to a heat sink. 

[0029] In this embodiment of the power semiconductor module 1, the auxiliary 
terminals 44 are disposed not on the short sides of the partial modules 10, but along the 
long sides thereof. 

[0030] Thus, while there have been shown and described and pointed out 
fundamental novel features of the invention as applied to a preferred embodiment 
thereof, it will be understood that various omissions and substitutions and changes in 
the form and details of the devices illustrated, and in their operation, may be made by 
those skilled in the art without departing from the spirit of the invention. For example, it 
is expressly intended that all combinations of those elements and/or method steps 
which perform substantially the same function in substantially the same way to achieve 
the same results are within the scope of the invention. Moreover, it should be 
recognized that structures and/or elements and/or method steps shown and/or 
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described in connection with any disclosed form or embodiment of the invention may be 
incorporated in any other disclosed or described or suggested form or embodiment as a 
general matter of design choice. It is the intention, therefore, to be limited only as 
indicated by the scope of the claims appended hereto. 
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